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ABSTRACT:  This  report  presents  a  number  of  short  contributions 
to  the  subject  of  explosive  echo  ranging.  The  subjectstreated 
are  the  sonar  equations  for  transient  sources,  the  spectrum  of 
repeated  explosions,  echo-to-reverberation  ratios  in  EER,  depth 
settings  for  EER  charges,  the  reverberation  problem  in  deep 
JULIE,  and  the  minimum  explosive  source  levels  required  in  EER. 
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During  recent  studies  of  the  broad  subject  of  explosive 
echo  ranging  (EER),  a  number  of  individual  problems  have  arisen. 
These  problems  have  varied  from  the  general  one  of  the  form  of 
sonar  equation  to  use  in  prediction  for  short  transient  sound 
sources,  to  the  specific  one  of  the  characteristics  of  the  energy 
spectrum  of  a  series  of  explosive  pulses,  and  have  included  such 
practical  matters  as  the  best  depth  for  exploding  the  charge  in 
deep-water  EER.  The  present  report  is  a  compilation  of  a  number 
of  such  short  studies  aimed  at  clarifying  some  of  the  puzzling 
problems  peculiar  to  EER.  The  work  was  done  under  WepTask  RUDC- 
2B-000/2 12- 1/FOOl- 13-002,  EER  Research,  and  will  be  of  interest 
to  those  concerned  with  explosive  echo  ranging  or  the  underwater 
propagation  of  explosive  pulses. 


W.  D.  COLEMAN 
Captain,  USN 
Commander 

Z.  I.  SLAWSKY 
By  direction 
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CON i ENTS 


I.  The  Sonar  Equations  for  Short  Transients .  1 

A  generalized  form  cf  the  sonar  equations 
applicable  to  EEh  \%  pre.^nted.  The  starting 
point  Is  the  energy  dens  ty  of  th?  source,  and 
the  equations  may "be  used  for  prediction 
purposes  for  any  short  transient,  regardless  of 
waveform,  having  a  spx.“ified  spectrum  energy 
density  level.  The  new  sonar  equations  are 
similar  in  form  to  the  .veil -known  intensity 
equations,  but  contain  echo  duration  as  a 
sonar  parameter. 

!I.  Energy  Spectrum  of  a  Series  of  Exponential  Pulses...  9 

The  principal  features  are  outlined  of  the 
energy  spectrum  of  a  number  of  repeated  exponen¬ 
tial  pulses,  such  as  that  produced  by  a  number  of 
sequentially  detonated  explosive  charges,  or  a 
regularly  repeated  underwater  spark.  The  line 
components  in  the  spectrum  have  a  half  width 
equal  to  the  repetition  frequency  divided  by  the 
number  of  pulses. 

III.  Echo-to~Rev»>rbera tion  Ratios  in  EER .  11 

Simple  expressions  for  the  EER  echo-to- 
reverberation  ratio  are  obtained  and  applied  to 
the  problem  of  echo  and  surface  reverberation 
levels  for  a  deep  non-directiona I  charge  and 
receiver.  It  is  predicted  on  the  basis  of  60  kc 
surface  scattering  coefficients  that  the  echo 
should  be  detected  in  reverberation  only  in 
moderately  low  sea  states.  Better  performance 
may  be  expected  at.  lower  frequencies,  but  pre¬ 
diction  of  the  extent  of  imorovement,  if  any, 
must  awa'. ’  some  knowledge  of  sea  surface 
scattering  at  lower  frequencies. 
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IV.  Tht  Rtvtrberatlon  Problem  In  Deep  JULIE .  14 


Surface  reverberation  arriving  via  the 
''reliable*'  acouatic  path  will  be  the  limiting 
background  for  target  echoes  in  the  Deep  JULIE 
systeiB  vihen  reverberation  arriving  via  near¬ 
vertical  surface-bottom  paths  is  eliminated 
through  vertical  directionality.  In  an  attempt 
to  assess  the  range  limitation  imposed  by  this 
for*  of  background,  predictions  of  range  perform¬ 
ance  are  made  by  using  new  low-frequency  scatter¬ 
ing  coefficients.  Estimates  are  given  for  the 
liuting  percentage  of  submarine  targets  in  North 
Atlantic  waters  likely  to  be  detected  by  Deep 
JULIE  without  horizontal  directionality.  These 
predictions  will  be  useful  in  deciding  whether  oi 
not  to  Include  multiple  narrow  horizontal  beams 
in  the  system. 

V.  Depth  Settings  for  EER  Charges .  17 

The  choice  of  best  charge  depth  for  JULIE 
EER  is  evaluated  in  terms  of  sound  transmission. 

It  is  concluded  that  an  800  ft  depth  setting  is 
preferable  to  a  300  foot  setting.  A  shallow  depth 
setting,  such  as  60  ft,  should  be  retained  for  use 
against  an  unalerted  target  in  a  thick  mixed  layer. 


VI.  Explosive  Source  Levels  Required  for  EER . 20 

A  certain  minimum  amount  of  explosive  sound 
energy  must  be  radiated  in  order  to  obtain  a 
detectable  EER  echo  under  the  moct  favorable 
circumstances.  In  this  note,  this  minimal  energy 
is  obtained  as  a  function  of  range,  and  various 
charge  we/ights  of  TNT  and  a  number  of  novel  sound 
sources  are  compared  with  what  is  needed  for  EER 
in  detp  watsr.  It  is  found  that  all  such  develop¬ 
mental  sources  are  much  too  weak,  energy-wise,  to 
produce  detectable  echoes  out  to  the  range  of  the 
bottom-return  in  deep  water. 


iv 

^'ONriDrrrriAL 


CCNFIDENTIAL 
NOLTR  61-176 


LIST  OF  ILLUSTRATIONS 

Figure  1.  Olagrannatlc  Spectra  of  Repeated  Pulses . 

Figure  2.  Spectra  of  Two  and  Three  Repeated  Pulses .  27 

Figure  3.  Spectra  of  Four  and  Ten  Repeated  Pulses . 28 

Figure  4.  Energy  Spectra  for  Large  N .  29 

Figure  Echo  to  Reverberation  Ratio  for  a  Beam 

Aspect  Target...- .  30 

figure  6.  Echo  to  Reverberation  Ratio  for  a  Bow-Stern 

Aspect  larget .  31 

Floure  7.  OiagraMMtic  Deep  Water  Reverberatlr.'^ .  32 

figure  8.  Coaiparlson  of  Scattering  Strengths..... .  33 

figure  9.  Echo  to  Reverberation  Ratio  vs  Range .  34 

Figure  10.  Distribution  of  Wind  Speeds;  Urget 

uetectability  Curves .  3t 

Figure  11.  Range  to  a  Transati salon  Loss  of  80  db  vs 

Layer  Depth . 36 

figure  12.  Eiplcsive  Source  Levels  Required  for 

Detection . 37 


I 


CONFIDENTIAL 
NOLTR  61-176 


I 

THE  SONAR  EQUATIONS  FOR  SHORT  TRANSIENTS* 


1.  This  it  «  rtport  on  a  ntw  forth  of  the  sonar  equations  appli¬ 
cable  for  prediction  purposes  to  EER.  They  are  also  useful  for 
transients  like  a  decaying  sinusoid  or  a  pulse  of  irregular 
envelope,  and  are  an  extension  of  the  ordinary  sonar  equations 
now  widely  used  for  performance  prediction  in  systems  analysis 
and  design. 

2.  The  custoaiary  sonar  equations  appear  in  Table  I.  Here  lo  is 
the  outgoing  intensity  level  at  one  yard  from  the  source  on  its 
axis;  (TL)e  is  the  transmission  losses  for  the  echo,  with  spheri¬ 
cal  divergence  without  absorption  assumed  for  the  reverberation; 
OTn  and  DTr  are  the  threshold  signs 1-to-background  ratios  for 
noise  and  reverberation;  V  and  A  are  the  reverberating  volume 
and  area,  respectively;  t  and  ^  are  the  ideal  solid-angle  and 

f  lane-angle  beamwidths  of  the  source-receiver  combination,  t^ 
s  the  pulselength  produced  by  the  source.  Other  symbols  have 
their  normal  significance. 

3.  These  equations  are  in  intensity  units.  They  imply  (1)  that 
the  eiean  intensity  is  constant  over  the  duration  t©  of  the  pulse 
end  (2)  that  steady-state  state  conditions  exist.  The  second 
condition  means  that  the  transmission  loss  is  that  applying  to 
CW,  such  that  all  paths  to  and  from  the  target  have  time  enough 
to  contribute  to  the  intensity  of  the  echo. 

4.  These  conditions  do  not  apply  for  transient  underwater 
sounds  like  the  short  spike  produced  by  an  explosive.  Here  the 
mean  intensity,  or  average  rate  of  power  flow  is  definable  only 
in  a  mathematical  sense.  M.oreover,  this  mathematical  definition 
of  1  and  to  applie*  only  close  to  the  source,  where  the  exponen¬ 
tial  form  P  =■  Poe“t/^o  is  followed.  At  longer  range,  distortion 
of  pulse  shape  occurs  due  to  multiple  paths  and  absorption,  and 
the  intensity,  averaged  over  the  duration  of  the  pulse,  is  made 
ambiguous  by  the  effects  of  the  medium  and  the  target. 

5.  These  considerations  require  us  to  have  another  look  at  the 
equation  when  dealing  with  transients  of  indefinite  waveform. 
Obviously  we  must  seek  a  redefinition  based  on  energy  rather 
than  on  rate  of  energy  flow.  The  reason  for  this  is  that  the 
energy  of  a  sound  wave  may  be  suspected  to  be  a  conservative 


♦Paper  presented  at  the  November  1961  meeting  of  the  Acoustical 
Society  of  America.  Cincinnati,  Ohio. 
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TABLE  I 


INTENSITY  FOFIM  OF  THE  SONAR  EQUATIONS 


Nois*  Background 


I^  -  2(TL)p  ♦  T  »  N  ♦  DTj,  -  DIj, 


R«verb«ration  Background 


lo  -  2(TL)p  ♦  T  .  RL  4  DTj^  - 


Voluma  (  RL^  •  Iq  "  r  +  S^  +  10  log  V 

7 


Surfac«(  RL  *  I  -  40  log  r  ♦  S^  +  10  log  A 

j  ^  ct  ^ 

(  A  *  (♦r  ^^o_) 

2 
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qiiontlty  to  which  wt  can  apply  the  ord*nary  ateady-atate  trans- 
mlaalon  lota;  abaorption  may  be  applied  to  it  directly  in  ita 
ordinary  atnae  of  a  coefficient,  without  complicationa.  While 
the  aMan  intenaity  of  a  tranaient  like  a  decaying  ainuaoid,  can 
atated  only  in  a  mathenutical  way,  and  la  affected  by  propa¬ 
gation  in  a  complicated  way,  the  total  acouatic  energy  radiated 
by  the  source  ia  uaually  defined,  and  follcwa  aimple  conaerva- 
tion  lawa  when  propagated  in  the  aea. 

6.  In  aeeking  a  formulation  on  an  energy  baaia,  one  muat  pauae 
to  conaider  ahat  la  being  implied  in  the  aonar  equationa.  On 
the  left  aide  of  the  equality  ia  the  intenaity  or  energy  of 
echo;  on  the  right  is  the  background  which  Just  masks  the  echo. 
In  the  intensity  £orm,  the  equationa  say  that  the  (intensity) 
level  of  the  echo  is  equal  to  the  (intenaity)  level  of  the  back¬ 
ground  which  just  masks  it.  As  an  equality  of  energy,  the 
expressions  muat  state  that  the  energy  of  the  echo  equals  the 
energy  of  the  masking  background.  This  latter  energy  must  be 
the  energy  of  the  masking  background  taken  over  the  duration  of 
the  echo.  Hence  we  have  the  equality: 

Echo  Energy  *  Masking  Background  Intensity  x  Echo  Duration 

This  equality  is  a  concise  statement  of  the  sonar  equations  in 
terms  of  energy.  If  we  expand  both  aides  of  the  equality  in 
symbols,  we  get 

Noise  Case: 

E^  -  2(TL)£  ♦  T  *  N  ♦  10  log  t^  +  DTj^  -  DIj^ 
Reverberation  Case: 

E^  -  2(TL)£  +  T  *  RL  ♦  10  log  t^  ♦  DTj^  -  DIj^ 

Here  Eq  is  the  axial  source  energy  level  at  unit  distance;  (TL)e 
is  the  ordinary  long-pulse  steady-state  transmission  loss  for 
the  echo;  T  is  the  ordinary  long-pulse  ateady-atate  target 
strength,  te  is  the  echo  duration;  N  and  RL  are  the  noise  and 
reverberation  (intenaity)  levels;  DT|g  and  DTp  are  the  ordinary 
signal-to-noise  ratios  as  required  for  the  function  that  ia 
being  considered  (detection,  classification,  etc.);  DIm  and  Dip 
are  the  directivity  indices  against  the  prevailing  background  of 
noise  or  reverberation. 

7.  For  transient  underwater  sounds,  the  reverberation  level  RL 
requires  further  consideration.  In  the  steady-state  (intensity) 
case,  the  reverberation  is  conceived  to  arise  from  a  reverbera¬ 
ting  vol  'me  or  area  defined  by  the  beamwidth  and  range 

(tr^  or  ®r)  and  the  emitted  pulselength  (ct^).  In  the  transi*»nt 
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case,  where  no  clear  pulselength  exists,  we  must  make  a  new 
approach  to  reverberation  in  order  to  find  the  appropriate  exten¬ 
sion  in  range  of  the  reverberating  volume  or  area. 

8.  Consider  volume  reverberation.  A  transducer  at  P  emitting  a 
short  transient  receives  at  some  later  instant  the  reverberation 
coming  from  a  small  volume  dV  located  at  range  r,  as  shoeei  below; 


Let  us  assume  that  straight-line  propagation  with  no  absorption 
applies.  The  intensity  of  reverberation  dir,  measured  at  one 
yard  from  the  scattering  volume  dV,  is  related  to  the  intensity 
It  incident  upon  it  by 

diy  •  s^  •  1|  *  dV, 

where  the  scattering  strength  3y  is  related  to  the  proportionality 
constant  Sy  by  Sy  «  10  log  Sy. 

But  dV  ■  A  •  dr  «  ♦r^dt  ^  'ix^  •  ^4^, 

« 

where  dt  is  an  inf initeslma I  time  inteival  of  the  Incident 
transient  wave.  The  inctantancous  reverberation  inteneity  back 
at  the  source  is 

‘r  •  jt 

where  Is  the  instantaneous  intensity  c*  le  emitted  transient 
measured  at  the  reference  distance.  But  the  Integral  jigdt  is 
the  energy  of  the  emitted  tranel«n»  %o  that,  on  converting  to 
decibel  lutlts,  we  obtain 

RL  '  E  ♦  2  -  40  log  r  ♦  1C  loo  5) 

where  40  log  r  iv  the  transmission  lose  for  reverberation  under 
the  assumption  of  straiv ht*llne  paths  without  absorttlon. 

g.  In  essentially  the  same  manner,  we  may  attain  an  expiession 
for  the  reverberation  from  ?he  sea  surface  cr  rt.ttn<e.  This 
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tlMilar  tvprttilon  it 

-  40  log  r  ♦  10  log  (♦r 

Wth  thot*  •xprtttlont  in  hand,  wt  can  now  writ#  an  txpanded 
^ataaant  of  tha  anargy  aquations  similar  to  that  of  Table  I. 

This  statamant  is  given  in  Table  II. 

10.  A  comparison  of  tha  two  sets  of  equations  indicates  that 
they  are  identical  except  for  the  appearance  of  E©  instead  of  lot 
and  for  tha  appaarar.^a  of  10  log  t*  on  tha  right-hand  tide  of 
tha  anargy  aquations.  The  reverberating  voIum  and  area  becomes 
defined  by  t^  instead  of  t©;  tha  extension  in  range  of  the  rever¬ 
berating  volume  or  area  is  thus  defined  by  the  duration  of  the 
echo  instead  of  tha  outgoing  pulse. 

11*  If  the  quantity  10  log  t*  is  transposed  to  the  left-hand 
side  tha  anargy  aquations  become  intensity  equations  in  terms  of 
the  mean  intensity  of  the  echo  on  the  left,  and  with  the  rever¬ 
beration  or  noise  intensity  on  the  right.  In  this  latter  form, 
the  relationships  are  perhaps  more  useful  and  meaningful  because 
we  are  accustomed,  in  acoustics,  to  deal  with  intensity  (in 
terms  of  the  intensity  of  a  sine  wave  of  some  reference  r.m.s. 
pressure)  rather  than  with  energy. 

12.  SosMt  consideration  should  be  given  to  the  important  quan¬ 

tity,  te,  echo  duration.  This  appears  as  a  separate  sonar  para¬ 
meter  In  the  energy  equations;  also,  it  occurs  implicitly  in  the 
term  DT ,  because  it  is  the  time  available  for  signal  processing. 
This  parameter  is  determined  in  part  by  the  time  duration  of  the 
ej^tted  transient  and  partly  by  the  effects  of  the  medium  and 
the  target  in  producing  an  extension  of  the  duration  of  the 
emitted  transient.  Thus  te  can  be  written  as  the  sum  of  three 
terms:  te  =  to  ♦  tm  +  tt  for  each  of  the  three  effects  involved. 
These  are  sho«n  in  Table  III,  together  with  some  typical  values 
in  each  of  two  cases.  For  explosive  echoes  in  deepwater  at  a 
beam  submarine  aspect,  te  may  be  as  small  as,  say,  10  milli¬ 
seconds;  for  a  sonar  pulse  in  shallow  water  for  a  bow-on 
submarine,  te  might  be  as  large  as  300  milliseconds.  These  are 
by  no  means  extremes,  but  merely  indicate  the  extent  to  which 
this  parameter  may  vary.  For  short  transients,  tp  is  deter¬ 
mined  by  the  effects  of  the  medium  and  the  target;  for  long 
pulse  sonar,  te  is  often  merely  the  duration  t^  of  the  emitted 
pulse.  In  this  case  we  can  write  Eg  «  ♦  10  log  t©  and 

te  “  to.  and  the  energy  equations  of  Table  II  revert  to  the 
intensity  equations  of  Table  I. 

13.  The  quantity  Eq  is  the  source  energy  density  level  measured 
3t  on€  yard,  and  ^xprassc'cn  in  d^cib^ls  relative  to  som**  energy 
density  reference.  In  analogy  with  intensity,  which  is  referred 
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TABLE  II 

ENERGY  FORM  OF  THE  SONAR  EQUATIONS 


Nois«  Cast 

■  2(TL)g  4  T  •  NE  4  DT^  -  DIjj 

NE  ■  N  4  10  log  t  *  Nolte  anergy  for  the 
°  duration  of  the  echo. 


Reverberation  Cate 

Eo  -  2(TL)g  4  T  «  RE  4  OTf^  -  DI^ 


Volume 


E  -  40  log  r  4  s  4  ic  log  V  *  Reverberation 
2  ct  energy  for  the 

(tr^  -Ip)  duration  of  ♦he 

echo. 


( 

Surf  acv( 


E  -  40  log  r  ♦  S 
ct 
♦  r 


10  loo  A  Reverberation 
energy  for  the 
duration  of  the 
echo . 
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TABLE  III 

ECHO  DURATION  AS  THE  SUM  OF  THREE  TEFlMS 


t  ■  duration  of  th«  emitted 
°  pulse  at  short  ranges 


t  s  duration  produced  by 
Multiple  paths 


t*  •  duration  produced  by  the 
'  target 


Typical  Values.  wiUittgaadl 


Explosives:  0.1 

Sonar:  100 


Deep  Water:  1 

Shallow  Water:  100 


Bean  Aspect:  10 

Boer-Stern**:  100 
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NOLTR  61-176 


to  the  intensity  of  a  1  dyne/cm’  olane  wave,  we  may  refer  to 
the  energy  density  of  a  1  dyne/cm*  plane  wo»e  for  a  period  of 
one  second;  while  its  units  may  physically  be,  say,  ergs  per  cm^, 
we  may  avoid  this  by  using  the  1  dyre/cm2  plane-wave  reference. 
Also,  Eq  is  also  expressed  as  energy  spectrum  level  or  energy  in 
a  1  cps  frequency  band.  For  ordinary  explosives,  Eq  has  been 
established  by  the  work  of  Weston  and  Hersey,  and  is  now  well 
known. 

i^*  Suiwnarv.  In  this  note  wt>  have  stated  a  form  of  the  sonar 
equations  that  apply  to  EER  as  well  as  to  other  types  of  active 
sonars  using  transient  waves.  We  have  derived  an  energy  formu¬ 
lation  of  the  basic  equations  that  reduces  to  the  ordinary  in¬ 
tensity  formulation  under  steady  state  conditions  (long  pulses). 
It  Involves  a  new  sona*  parameter  --  echo  duration  >  which 
depends  upon  the  source,  medium  and  the  target  and  which,  for 
long  pulses,  reduces  to  the  pulse  length  emitted  by  the  source. 

For  prediction  ourposes,  the  energy  form  of  the  equations  must 
be  used  whenever  transients  short  enough  to  prevent  the 
occurrence  of  steady  state  conditions  are  used  in  active  sonar 
systems. 
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II 

ENERGY  SPECTRUM  OF  A  SERIES  OF  EXPONENTIAL  PULSES 


1.  In  orci«r  to  mokt  a  range  computation  in  EER  for  a  series  of 
txplotive  pulMtt  wo  need  to  know  the  eneroy  spectrum  of  a 
finite  number  n  of  repeated  exponential  pulses.  This  type  of 
waveform  is  illustrated  in  Figure  1,  This  is  the  waveform  of  a 
roposted  underwater  spark  discharge,  and  it  is  that  of  a  number 
of  special  charge  designs  being  explored  for  EER. 


As  shown^in  the  Appendix,  the  |nergy  spectrum  of  this  time 


2. 

function  is 


i. 


i-Z-J£ 


-inwT 


where  w  «  2'mf,  k  is  the 


,  iw  +  k  •  1  -  e 

reciprocal  time  constant  of  each  member  of  the  exponential 
series,  and  T  is  the  interval  between  pulses.  A  diagrammatic 
sketch  of  what  the  energy  spectrum  looks  like  is  shown  in 
Figure  lb.  It  will  be  noted  that  the  smooth  continuous  spectrum 
of  a  single  pulse,  shown  by  the  dashed  line  in  Figure  lb,  is 
replaced,  for  repeated  pulses,  by  a  series  of  spectral  peaks 
occurring  at  the  repetition  frequency  1/T  and  its  harmonics, 
plus  satellite^  peaks  and  nulls  occurring  between  the  main 
peaks.  The  "height”  of  the  main  peaks  is  (20  log  n)  decibels 
above  the  continuous  spectrum  level  of  a  single  pulse;  thus,  the 
peak  power  spectrum  level  of  a  series  of  10  pulses  is  20  db 
above  the  level  of  a  single  one.  As  the  number  of  pulses 
increases,  the  main  peaks  (at  the  repetition  frequency  and  its 
harmonics)  become  narrower  and  narrower  while  their anplitude 
9*ts  greater  and  greater;  for  an  infinite  n  the  energy  spectrum 
is  that  of  a  single  pulse  plus  line  components  of  infinite 
height. 


3. 


For  approximate  purposes  it  is  adequate  to  sepa 
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strictly  correct  only  when  the  second  term  is 
*^^2**^  real  or  all  imaginary;  this  is  generally  true  at  the 

the  spectrum.  If  we  make  this  separation, 
A  that  the  effect  of  repetition  of  pulses  is  to  add, 
db-wise,  a  correction  term  to  the  continuous  spectrum  of  a 
single  pulse,  given  by  the  first  term. 


“correction”  term  in  decibels  is  plotted  on  the 
attached  graphs  for  pulse  trains  of  2,  3,  4  and  10  pulses. 
(Figures  2  and  3) 
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AUo,  Figure  4  shows  the  general  nature  this  term  for 
large  n. 

S.  The  practical  use  of  a  train  of  pulses  in  EER  woulo  include 
a  narrow  receiving  filter  band  centered  about  the  repetition 
frequency  or  about  one  of  its  harmonics.  The  spectral  eneroy 
density  at  this  frequency  would  be  that  for  a  single  pulse  (the 
Weston-Heriey  curves  in  the  case  of  explosive  pulses)  plus 
20  log  n.  The  filter  band  necessary  to  "accommodate"  the  main 
spectral  peak  would  have  a  width  of  2  1  cycles  per  second. 

n  ‘  I 
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III 

ECHO  TO  REVERBERATION  RATIOS  IN  EER 


1.  Th«  problem  Is  to  formulate  some  useful  expressions  for  the 
ratio  of  echo  level  to  the  level  of  surface  reverberation  for 
explosive  sound  sources.  The  problem  is  important  in  EER  sys¬ 
tems  using  a  deep  charge  and  a  deep  hydrophone,  where  the  sea 
surface  is  insonified  at  a  relatively  large  grazing  angle. 

Uhder  these  conditions,  the  back-scattered  return  from  the  sur¬ 
face  is  relatively  large,  and  the  echo  from  an  adjacent  sub¬ 
marine  target  tends  to  be  buried  in  the  reverberation  which 
arises  from  the  sea  surface  immediately  overhead. 

7.  The  problem  of  EER  echo-to-reverberation  ratio  has  recently 
received  attention  by  A.  D.  Voorhis  in  an  article  in  the  Journal 
of  Underwater^ Acoustics  for  January  1961  (reference  (a)).  His 
treatment  of  the  problem  is  unnecessarily  complicated.  Moreover, 
he  fails  to  use  published  measured  data  on  the  sea  surface 
scattering  coefficients,  and  relies  instead  on  a  mathematical 
description  of  the  form  of  the  sea  surface.  The  answers  he 
obtains  ap>pear  to  be  erroneous,  and  are  excessively  optimistic 
as  to  the  echo-to-reverberation  ratios  to  be  expected  at  long 
ranges. 

3.  We  will  here  adopt  the  approach  taken  in  NAVWEPS  7384 
(reference  (b)),  and  utilize  certain  back-scattering  coeffi¬ 
cients  already  appearing  in  the  literature  (reference  (c)).  It 
will  turn  out  that,  for  submarine  targets,  the  echo  stands  out 
above  reverberation  in  a  deep  non-directiona 1  system  only  when 
the  sea  surface  is  relatively  smooth  -  that  is,  for  low  sea 
states,  say.  sea  state  1  or  2.  At  higher  sea  states,  the  echo 
will  tend  to  be  lost  in  the  reverberation  background. 

4.  It  is  shovn  in  reference  (b)  (page  18)  that  the  reverbera¬ 
tion  spectrum  level  from  a  nearly  plane  surface  like  the  sea 
surface  or  sea  bottom  is,  on  the  assumption  of  straight-line 
paths,  and  with  a  non-directionai  source  and  receiver, 

RL  =  Eq  +  Sg  -  30  log  r  -  2ar  *  1C  log 

where  Ep  is  the  spectrum  level  of  the  charge;  Sg  is  the  surface 
*catterlnq  strength;  r  is  the  slant  range  between  the  charge- 
receiver  (assumed  adjacent  to  each  other)  and  the  surface;  a  is 
an  absorption  coefficient,  and  c  is  the  velocity  of  sound  in 
units  of  r  per  unit  time.  Neglecting  absorption  (the  term  2ar) 
and  replacing  10  log  Tfc  by  37  db  (r  is  in  yards),  we  have 

RL  =  E^j  4  Sj  -  30  log  r  4  37 
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It  is  slsc  shown  in  reference  (b)  (psge  22)  that  the  echo 
level  is 


EL  *  Eq  -  10  log  t  ♦  T  -  40  log  r 

where  t  is  the  duration  of  the  echo  and  T  is  the  target  strength. 
The  echo-lo-reverberation  ratio  is  then,  in  db, 

EL  •  RL  •  T  -  10  log  t  -  Sg  -  10  log  r  -  37. 

b.  For  a  bean  aspect  submarine  target,  we  will  assume  T  «  25  db. 
t  *  .030  sec.,  so  that  T  •  10  log  t  ■  25  ♦  15  ■  40  db.  At  the 
other  extreme,  we  will  take  a  bow-stern  aspect  submarine  having 
values  of  T  and  t  that  approach  the  beam-aspect  case  as  the 
target  approaches  the  renith-point  over  the  charge-hydrophone. 

For  the  bow-stern  aspect  target,  we  will  adopt  the  following 
values: 


T 

i 

15® 

12  db 

. 10  sec 

30<J 

14 

.08 

450 

16 

.07 

600 

le 

.06 

75® 

20 

.05 

t.  The  quantity  S«  has  been  measured  at  kilocy«'le  frequencies 
in  connection  with  torpedo  homing  applications.  Values  at  60  kc 
have  been  published  (reference  (c));  unfortunately,  there  is  no 
data  at  lower  frequencies.*  The  60  kc  coefficients  show  no  fall¬ 
ing  off  with  decreasing  graring  angle  below  about  30o  tn  moder¬ 
ate  and  high  sea  states.  This  is  a  peculiarity  attributed  to  a 
layer  cf  air  bubbles  Just  below  the  surface.  Values  of  Sg  as 
read  from  curves  in  reference  ( «. )  aie  used  in  the  following 
f emputations. 

.  Uting  then*"  values,  and  with  the  above  assumptions  of  T  and 
t.  curvet  M  Fl-F,L  are  Given  In  Figures  5  and  6  for  the  beam 
aspect  and  the  bow-stern  asprrt  «ltuation. 

6.  figure  6  indicates  that,  for  a  source-receiver  at  a  depth  nf 
12.000  f»e».  •  beam-aspect  target  lying  beyond  4000  yards  will 
produce  an  echo  'ust  equel  to  the  surface  reverberation  (tL»RL) 
at  a  wind  speed  of  II  knots.  Inside  of  this  range  the  echo  will 
be  rapidly  lost  in  surface  reverberation.  Similarly,  figure  6 
iudicatet  that  a  bow-stern  aspect  taroet  will  be  obscured  In 
reverberation  when  the  wind  speed  rireeds  about  6  knots.  The 
steeply  sloping  lines  in  figure  5  are  the  echo- to-reverbera t 1 en 
ratios  predicted  by  Voorhls  in  reference  (a). 

•In  work  of  reference  (c)  essentlallv  identical  values  were 
found  at  25  kc  as  at  60  kr . 
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9.  However,  an  EEH  echo  wi . 1  be  aeiected  when  its  level  lies 
below  that  of  the  reverberation.  A  met..u‘j  of  predicating  the 
detection  threshold  for  a  simple  envelope  detector  is  given  in 
reference  (d).  The  dashed  lines  in  Figures  t  and  6  show  the 
echo-to*reverbe ration  ratio  required  for  detection  for  a  square- 
law  detector  preceded  by  a  filter  of  bandwidth  20C0  rps.  The 
difference  between  these  lines  and  zero  is  the  detection  thresh¬ 
old.  For  the  bow-stern  aspect  case,  the  litie  slopes  slightly  to 
the  right,  reflecting  the  fart  that  the  echo  duration  t  and 
therefore  the  detection  tnreshold  change  with  range.  The 
maxlmuri  tolerable  wind  sp^ed  for  target  detection  is  14  knots 
for  beam  aspects,  and  9  knots  bow-stern  aspeetc.  at  horizontal 
ranges  b« tween  4000  and  12.00U  yards. 

10.  These  predictions  were  made  on  the  basis  of  60  Wc  scatter¬ 
ing  data.  At  lower  frequencies  somewhat  better  performance 
should  be  had  because  the  sea  surface  is  probably  a  poorer  back- 
scatterer  of  sound  at  lower  frequencies.  How  much  smaller  the 
coefficients  are  at  lower  frequencies  is  a  matter  requiring 
field  measurement. 
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IV 

THE  REVERBERATION  PROBLEM  IN  DEEP  JULIE 


1.  In  tht  D««p  JULIE  Sytttm,  the  charge  and  the  aonobuoy  hydro¬ 
phones  are  placed  at  depths  near  12,000  feet,  so  as  to  take 
advantage  of  the  so-called  Reliable  Acoustic  Path  between  a  deep 
transducer  and  a  near-surface  target,  Ray  diagrams  show  that  a 
near-surface  target  will  lie  in  the  direct  sound  field  of  the 
source  out  to  ranges  of  30,000  yards  or  more,  and  that  there 
will  be  a  direct  path  between  source  and  target,  and  return,  out 
to  long  ranges,  unfortunately,  hcwever,  there  is  also  a  direct 
path  to  and  from  the  near-surfaco  scatterers  in  the  vicinity  of 
the  target:  these  scatterers  give  rise  to  the  background  of 
reverberation  in  which  the  target  echo  must  be  detected.  This 
reverberation  background  arises  from,  or  near,  the  sea  surface 
at  the  same  range  as  the  target,  and  can  be  discriminated 
against  only  by  incorporating  horizontal  directionality  into  the 
system. 

2.  This  backnround  is  identical  in  nature  to  that  whic^  is 
troublesome  in  acoustic  mine-hunting  for,  bottom  mines,  and  in 
the  radar  detection  of  snorkel  heads  and  periscopes.  lu  these 
applications  extreme  directivity  in  the  horizontal  plane  is 
required  in  order  to  reduce  the  background  of  clutter  surround¬ 
ing  the  echo.  But,  in  addition,  the  deep  JULIE  system  is  also 
hindered  by  the  presence  of  sea  bottom,  which  along  with  the 
surface,  gives  rise  to  reverberation  occurring  along  near 
vertical  paths;  such  reverberation  can  be  relatively  easily 
reduced  by  vertical  directivity  in  the  source  or  hydrophone  or 
(probably)  both. 

3.  Our  problem  is  concerned  with  estimating  the  magnitude, 
relative  to  the  echo,  of  the  first  form  of  reverberation.  If 
the  near-vertical  background  can  be  reduced  to  insignificance  by 
the  use  of  a  line  hydrophone  and  charge,  will  the  remaining 
reverberation  prevent  detection  of  the  echo?  If  so,  the  only 
recourse  for  further  appreciable  system  improvement  is  to  incor¬ 
porate  multiple  preformed  beams  in  the  horizontal  plane,  with 
their  required  hydrophone  and  electronic  complexities. 

4.  The  nature  of  the  problem  may  best  be  appreciated  through 
Figure  7.  This  shors  diagramatica lly  the  reverberation 
observed  with  a  non-Jirectiona 1  charge  and  hydrophone  near  the 
deep  sea  bed.  Field  tests  have  shown  that  submarine  targets  are 
detectable  only  with  difficulty  with  this  non-dl rectlona 1  system. 
The  reverberation  background  consists  of  repeated  bottom-surface 
scattered  returns  A.  A"  etc.  which  obscure  a  long-range 
target,  but  which  can  be  taken  care  of  through  the  use  of  a 
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rtitonablt  amount  of  vertical  direclior  i lity  in  the  explosive 
source  and  the  hydrophone.  However,  there  will  still  remain  the 
direct-path  surface  reverberation,  A-B,  that  cannot  be  reduced 
relative  to  the  echo  by  vertical  directionality. 

5k  In  Section  111  a  method  was  given  for  predicting  the  level  of 
this  reverberation  background  relative  to  the  echo,  based  upon 
coaiputations  using  surface  scattering  coefficients  measured  at 
2b  and  60  kc.  The  results  indicated  that,  even  if  the  near 
vertical  returns  are  removed  completely,  the  remaining  direct- 
path  surface  reverberation  will  prevent  echo  detection  in  all 
but  calm  seas. 

6.  This  conclusion  is  questionable  because  of  the  use  of 
26-60  kc  data  for  a  system  operating  near  2  kc.  Recently,  new 
measurements  of  low  frequency  sea-surface  scattering  coefficients 
by  R.  P.  Chapman  at  Naval  Research  Establishment,  Halifax  have 
come  to  light.*  The  data  for  three  wind  speeds  at  the  frequen¬ 
cies  of  direct  interest  to  Deep  JULIE  are  summarired  in  Figure  8 
for  the  two  octaves  800-1600  cps  and  1600-3200  cps. 

7.  With  these  coefficients,  the  predicted  echo-to-reverberation 
ratios  are  plotted  in  Figure  9  for  beam-on  and  end-on  target 
aspects.  The  detection  limit  given  in  these  figures  is  that  of 
the  optimum  detector  and  a  well  trained  alert  observer,  at  the 
503S  detection  level  with  5%  false  alarms.  From  Figure  9  it  will 
be  seen  that  beam  aspect  submarines  should  be  detectable  by  the 
optimum  detector-observer  combination  at  all  wind  speeds  up  to 
about  30  knots  at  ranges  beyond  about  6000  yds.  A  bow-stem 
target  should  be  detected  at  wind  speeds  only  up  to  12  knots. 

If  we  allow  5  db  for  the  failure  to  realize  the  optimum  detector 
and  observer,  the  corresponding  wind  speed  limits  of  detecta¬ 
bility  become  20-25  knots  and  7-10  knots  for  the  two  cases. 

8.  In  order  to  see  what  this  means  in  terms  of  the  wind  speeds 
occurring  in  the  North  Atlantic,  the  distribution  of  wind  speeds 
averaged  over  all  s>easons  of  the  year  for  the  Atlantic  Ocean 
between  latitudes  40®N  and  60°N,  together  with  data  for  the 
months  of  February  and  August,  is  plotted  in  the  upper  part  of 
Figure  10.  Inese  curves  were  derived  from  data  in  reference  (e). 
Combining  the  distribution  evave  for  all  seasons  of  the  year 
with  the  range  prediction  curves  of  the  previous  figure,  we 
obtain  curves  of  percentage  of  targets  detectable  against  the 
direct-path  surg'd ce  reverberation  background.  These  curves  are 
plotted  in  the  lower  part  of  Figure  1C. 


*A  paper  or.  the  subject  "Surface  Reverberation  from  Explosive 
Sound  Sources"  was  present*'d  at  the  19th  Symposlun  on  Under¬ 
water  Acoustics,  Movfmb»^r  lUAl. 
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9.  The  rstultt  of  this  analysis  may  be  sutrmarlzed  as  follows: 

a.  If  sufficient  vertical  direr, tlvity  is  incorporated  in 
C3ep  JULIE  to  reduce  the  near-vertical  bottom-surface  return  to 
insignificance,  then  subtnarines  will  be  detected  in  the  North 
Atlantic  at  horizontal  ranges  beyond  10.000  yards  between  10^ 
and  about  70%  of  the  time,  depending  on  target  aspect.  This 
estimate  of  range  performance  applies  only  if  (Ij  the  bottom- 
surface  bounces  are  completely  eliminated  and  (2}  ambient  or 
other  noise  sources  are  made  negligible.  A  random-aspect 
target  at  a  given  range  should  be  detected  a  fraction  of  the 
time  about  half-way  between  the  two  limiting  curves  of  Figure  10. 

b.  Further  improvement  will  require  horizontal  direction¬ 
ality.  Ten  36^  beams  would  improve  the  echo-to-reverberation 
ratio  by  10  db.  and  raise  the  detection  percentages  to  essen¬ 
tially  iOOJiS  for  beam  targets  and  to  b0-'70%  for  end-on  targets 
beyond  8000  yds. 

c.  Target  detectability  becomes  worse  at  shorter  ranges 
because  of  the  increased  return  from  the  sea  surface  immediately 
over  the  charge-hydrophone. 

d.  Target  detectability  improves  with  range  out  to  extreme 
ranges,  in  spite  of  the  fact  that  increasing  areas  of  surface 
act  to  send  back  reverberation  as  the  range  is  increased.  This 
is  due  to  the  fact  that  the  back-scattering  coefficient  of  the 
sea  surface,  according  to  the  new  data,  falls  rapidly  as  the 
grazing  angle  is  diminished.  At  extreme  ranges  ambient  noise 
may  well  become  the  dominant  background,  but  can  be  overcome  by 
increasing  the  charge  size. 

10.  These  predictions  are  based  on  yet-unpubliched  surface 
scattering  coefficients.  Verification  is  required  from  addi¬ 
tional  scattezing  coefficient  measurements  now  being  obtained  by 
the  Martin  Company  and  Daystrom.  Incorporated,  and  from  field 
results  with  vertically  directional  Deep  JULIE  equipment. 
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V 

DEPTH  SETTINGS  FOR  EER  CHARGES 


1.  The  problem  to  be  considered  is  that  of  the  optimum  charge 
depth  for  JULIE  detection  in  deep  water.  In  particular,  it  is 
addressed  to  the  problem  of  how  to  choose,  from  a  sound  trans¬ 
mission  standpoint,  between  charge  depths  of  60,  300  and 

800  feet,  and  to  the  conditions  of  layer  depth  and  target  depth 
under  which  each  depth  is  optimum.  This  problem  is  of  current 
interest  in  connection  with  proposed  modifications  of  charge 
depth  settings,  and  with  the  formulation  of  operational  doctrine 
concerning  the  selection  of  charge  and  sonobuoy  depths  for  JULIE. 

2.  The  problem  may  be  stated  in  the  following  way:  given  a 
knowledge  of  sound  transmission  conditions  -  in  particular, 
layer  depth  and  sea  state  -  and  a  guess  as  to  the  likely  depth 
of  the  target  as  being  above  or  below  the  layer,  is  a  charge 
depth  of  60  feet,  3CX5  or  800  feet  preferable  in  terms  of  best 
sound  transmission  conditions? 

3.  This  question  can  be  answered  by  means  of  the  computer 
synopsis  of  the  AMOS  sound  transmission  data  of  reference  (f), 
in  vmich  the  transmission  loss  is  given  as  a  function  of  range 
for  various  frequencies,  source  depths,  receiver  depths,  and 
layer  depths,  based  upon  the  well-known  AMOS  program  of  about 
ten  years  ago.  This  data  is,  at  the  present  time,  the  best 
available  source  of  transmission  loss  information  for  the  condi¬ 
tions  to  which  it  applies.  From  reference  (f),  at  a  f  >quency 
of  2  kc,  the  range  at  which  the  transmission  loss  is  Cj  db  was 
read  off  for  various  combinations  of  source,  target  and  layer 
depths. 

4.  The  results  are  showm  in  Figure  11.  The  upper  portion  of 
this  figure  shows  range  (for  80  db  loss)  plotted  agairist  layer 
depth  for  source  depths  of  60,  300  jnd  000  feet.  The  target  was 
assumed  alerted,  and  therefore  to  lie  below  the  layer  between 
the  depth  limits  of  50  and  375  feet;  the  target  depth  assumed 
for  each  plotted  point  is  shown  alongside  the  horizontal  scale. 
The  lower  part  of  the  figure  is  similar,  except  that  the  target 
is  unalerted  and  is  assumed  to  be  at  a  depth  of  50  feet. 

5.  From  Figure.'.!,  the  following  conclusions  may  be  drawn: 

a.  For  an  alerted  target  hiding  below  the  layer,  the 
800  foot  source  is  always  preferable  to  one  at  60  or  300  feet. 

The  improvement  in  range  will  be  substantial  if  a  thin  layer 
exists,  buc  will  be  less  marked  for  layers  greater  than  100  feet 
In  thickness. 
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,  Fai  IP  V0|itlV?S<-,(g.t9T  taj^t  at  a  depth 

of  50  ftet,  tht  800  foot  charge  will  continue  to  oe  preferable 
at  Iona  at  the  layer  it  lets  than  100  feet  in  thickness.  But 
ior  thicker  layers,  the  shallow  (60  ft)  charge  will  be  prefer¬ 
able  although  under  these  conditions  its  advantage  in  trans- 
nlttlon  lost  may  be  counter  balanced  by  increased  reverberation. 
The  800  foot  source  has  the  additional  advantage  of  giving  a 
range  performance  nearly  independent  of  layer  depth  and  target 
depth;  the  range  for  an  80  db  transmission  loss  lies  between 
bOOO  and  7000  yards  for  all  conditions  considered  here. 

6.  The  next  step  is  to  consider  the  occurrence  of  layer  depths 
in  the  open  ocean.  A  study  of  layer  depth  occurrence  in  the 
North  Atlantic  between  latitudes  40N  and  60N  indicates  that 
layers  less  than  100  feet  thick  occur  34Jl^  of  the  time  on  a  year- 
round  basis;  100  to  400  feet  layers  occur  5951^  of  the  time; 
layers  greater  than  400  feet  in  thickness  occur  T%  of  the  time. 
For  these  three  groups  of  layer  depths.  Table  IV  shows  the  pre¬ 
ferred  charge  depth  (as  between  60,  300  and  800  feet)  for  an 
unalerted  and  an  alerted  target. 

7.  A  strong  word  of  caution  is  necessary.  The  above  conclu¬ 
sions  are  based  on  AMOS  transmission  data  for  sea  states  less 
than  3;  such  calm  seas  hardly  prevail  in  the  North  Atlantic. 
However,  high  sea  states  are  normally  associated  with  thick 
mixed  layers,  and  their  effect  on  sound  transmission  should  be 
small  out  to  JULIE  ranges.  A  more  serious  restriction  is  that 
we  have  not  considered  reverberation  as  a  function  of  source 
depth,  cince  reverberation  data  of  this  kind  is  lacking. 

Sinking  times  have  not  been  considered.  All  these  factoxb 
would  have  to  be  considered  in  a  complete  analysis.  Thus,  the 
conclusions  arrived  at  here  are  meant  to  be  merely  suggestive, 
and  are  based  upon  only  one  of  the  factors  on  which  echo  dura¬ 
tion  depends. 

8.  Within  the  limitati  ons  suggested  in  the  preceding  paragraph, 
the  following  recommendations  are  made: 

(1)  Replace  the  300  foot  charge  setting  by  800  feet,  if  the 
increased  sinking  time  is  permissible. 

(2)  Retain  60  feet  for  use  against  an  unalerted  target  when 
the  mixed  layer  is  150  feet  or  more  in  thickness. 

(3)  Obtain  quai'.titative  data  on  a  calibrated  db  basis  to 
check  these  recommendations,  which  are  based  on  calm-sea  trans¬ 
mission  data  alone.  Reverberation  data  is  particularly  needed 
for  various  source  depths,  and  echo  and  reverberation  data  is 
needed  in  rough  seas. 
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TABLE  IV 

BEST  CHOICE  OF  SOURCE  DEPTH  FOR 
SOUND  TRANSMISSION  TO  AN  liNALERTED 
AND  ALERTED  SUBMARINE 


L4Vtr 

Parcantaoc  Occurrence 
in  N.  Atlantic, 

ijxi.i9jfe.Qy _ 

Taroat 
Unalartad 
IM  ftl 

Target 

Alartfd 

Thin 

(!•••  than 

100  ft) 

34% 

800  ft 

800  ft 

Mtdlu* 

(100  ft  to 

400  ft) 

59% 

60  ft 

800  ft  or 
60  ft  • 

Thick 

(oretter  than 

7% 

60  ft 

60  ft  •• 

460  ft) 


•  Litti*  dlff«r»rtc»  bttwt*".  the  twr;. 


*•  T«r9*t  cannot  qo  epprrclably  b*ic*t  layar  btcautt  of  depth 
reetrictlon. 
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VI 

EXPLOSIVE  SOURCE  LEVELS  REQUIRED  FOR  EXPLOSIVE  ECHO  RANGING 


1.  At  rtpltctatntt  for»  and  improvamentt  upon,  the  customary 
TNT-type  explosives  employed  in  EER,  various  new  and  novel  sound 
sources  have  been,  and  are  being  investigated.  These  unusual 
sound  sources,  such  as  the  underwater  spark,  arc  usually  aimed 
at  overcoedng  the  principal  drawback  of  explosive  charges: 
repeatability.  However.  In  so  doing,  it  has  been  suspected  that 
they  will  fail  far  short  of  what  is  needed,  energy-wise,  for  EER 
detection,  and  that  they  would  be  too  weak  to  provide  a  detect¬ 
able  EER  echo  if  used  in  the  field  against  a  submarine  target. 

2.  This  short  report  presents  a  method  for  finding  this  minimum 
energy  level  required  fot  an  effective  EER  source.  A  curve  will 
be  given  for  this  minitmim  level  as  a  function  of  range,  and  the 
levels  of  a  number  of  experimental  sources,  as  well  as  TNT 
charges,  will  be  compared  with  these  minimum  levels. 

3.  The  starting  point  is  the  generalized  sonar  equation  in 
terms  of  the  acoustic  energy  of  the  source.  This  equation  is 

E^  -  10  log  t  ♦  T  -  2H  «  N  4  DT  -  DI 

This  equality  states  that  the  average  intensity  of  the  echo, 
given  on  the  left,  equals  the  oiasking  level  of  the  noise  back¬ 
ground.  Eq  is  the  energy  spectrum  level  of  the  source  on  its 
axis,  in  db  relative  to  that  of  a  plane  wave  of  pressure  1  dyne 
per  cm2  taken  over  a  period  of  1  second;  t  is  the  echo  duration 
in  seconds;  T  the  long-pulse  CW  target  strength;  H  is  the  long- 
pulse  CW  transmission  loss;  N,  the  background  noise  intensity 
level  in  db  relative  to  that  of  a  plane  wave  of  pressure  1  dyne 
per  cm2;  detection  threshold,  or  signs  1-to-nolse  ratio 

needed  for  detection;  and  DI  the  directivity  index  of  the 
receiving  hydrophone  against  the  prevailing  noise  backgrojnd. 

An  equation  of  identical  form  applies  if  the  background  is  a 
reverberation  instead  of  noise. 

4.  In  computing  a  value  for  E^,  we  will  make  the  following 
assumptions: 

a.  The  background  in  which  the  echo  is  detected  is  deep  sea 
ambient  noise,  sea  s!ate  3.  If  reverberation,  rather  than 
ambient  noisefis  limiting,  the  range  for  a  given  value  of  E© 
will  be  less  than  that  found  for  ambient  noise.  At  2  kc , 

N  «  -41  db. 
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b.  Tht  propagation  conditlona  are  excellent.  Specifically, 
apbtrical  treading  (H  ■  20  log  r)  edthout  absorption  will  be 
aatUMd.  This  alMple  cssuaiption  is  always  an  optimistic,  or 
favorable,  one  for  transmission  loss,  except  at  very  long  ranges 
where  ducting  and  convergence  zone  effects  make  their  appearance, 
but  sdiich  are  of  no  concern  to  EER. 


c.  The  other  parameters  have  the  following  values: 


t  ■  .08  sec;  10  log  t  *  -  11  db 
T  -  415  db 


frequency  ■  2kc 
DT  ■  5  log  ^  • 


-6  db  if  d  ■  3,  the  ROC  Curve  param¬ 


eter  for  detection  with  false  alarms,  and 
W  «  2  kc.  approximately  the  JULIE  bandwidth. 

DI  •  0,  nondirectional  receiving  hydrophone. 


5.  Solving  the  sonar  equation  for  E^  with  the  above  values  for 
the  various  paraswters,  we  obtain  the  source  level  required  for 
detection  as  a  function  of  range.  This  curve  is  the  lower  curve 
shorn  in  Figure  12,  tdiich  is  that  for  an  optimum  detector  having 
the  above  value  of  detection  threshold  (-8  db).  The  upper, 
parallel  curve  is  for  OT  ■  0,  allowing  8  db  for  observer  loss 
and  for  mismatch  between  the  integration  time  of  the  detector 
output  averager  and  the  echo  length.  This  represents  a  more 
realistic  view  of  what  can  be  done  in  the  field  with  echoes  of 
uncertain  duration. 


6.  The  ordinate  of  Figure  12  is  the  2  kc  energy  density  spectnjm 
level  required  for  detection  at  a  given  range.  For  an  exponen¬ 
tial  pulse  of  time  constant  t©,  this  level  is  related  to  the 
peak  pressure  of  the  pulse  by 


10  log 


Vt  2  ♦ 


where  P,,  is  the  peak  pressure  (in  dynes/cm^  at  1  yd)  and  f  is 
the  frequency.  At  2  kc,  the  term  2  may  be  neglected  if 

to  >  10*-^  sec;  if  this  is  the  case,  then  E©  becomes  independent 
of  to*  Figure  12  gives  a  scale  of  10  log  Pq^  along  side  that  for 
Eo  for  to  >  10-4 


7.  On  the  right  hand  side  of  Figure  12  are  plotted  the  energy 
levels  for  various  charge  weights  of  TNT,  and  the  pressure 
levels  for  a  number  of  other  types  of  sound  sources  foi  which 
peak  pressures  have  been  reported.  The  levels  for  TrJT  are  based 
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on  Mtoturtatnit  mtdt  at  100  yards  and  "xeduced”  to  1  yard 
through  aaauadng  aphtrlcal  apreadlng.  The  pressures  for 
TNT  are  therefore  sooiewhat  lower  than  the  peak  pressures  actually 
Matured  at  1  yard.  The  smaller  charge  sizes  are  plotted  accord¬ 
ing  to  the  energy  soectrum  level  rather  than  according  to  peak 
oretture.  so  as  to  allow  for  the  unknown  decreasing  value  of  to 
\below  100  us)  for  smaller  charges. 

8.  The  various  sources  shown  on  the  right  axe  plotted  according 
to  peak  pressure,  vdxich  is  all  that  is  usually  given  in  the 
literature.  In  making  the  comparison  it  is  assumed  that  these 
sources  produce  a  pressure  variation,  with  time,  of  exponential 
form,  having  an  infinitely  sharp  rise  followed  by  an  exponen¬ 
tially  decaying  tall  of  time  constant  greater  than  10*^  sec.  If 
the  rise  of  pressure  with  time  is  not  as  sharp  as  that  from  a 
high  explosive,  or  if  the  time  constant  is  shorter  than  10'^  sec. 
the  various  levels  will  fall  lower  in  the  vertical  scale  of  Hq** 
Again,  the  difficulty  stems  from  the  fact  that  the  energy 
density  spectrtim  (£<>)  is  nevor  reported  in  the  literature. 

9.  It  will  be  observed  from  the  figure  that,  with  the  possible 
exception  of  the  strongest  spark  source,  (requiring  a  tremendous 
condenser  bank  charged  to  a  very  high  voltage)  the  various 
sources  listed  are  the  equivalent,  energy-wise,  of  no  more  than 
a  tiny  charge  of  TNT.  They  vdll  not  produce  an  EER  echo  at 
ranges  greater  than  2000  yds,  even  under  the  ideal  conditions 
assumed.  From  this  analysis  we  may  conclude  the  following: 

a.  For  EER  under  good-to-excellent  conditions  (ambient 
noise  background,  spherical  sound  transmission),  the  smallest 
charge  of  TNT  (or  tetryl)  that  will  give  a  detectable  echo  out 
to  the  first  bottom  In  deep  water  is  about  VlO  lb  (1.6  oz). 
Larger  charge  sizes  will  be  r.peded  under  normal  reverberation 
and  transmission  conditions .  Smaller  charges  will  suffice  under 
these  conditions^f  directive  (DI  >  0)  is  introduced  into  the 
system.  Table  V  gives,  for  convenience,  the  charge  weights  of 
various  underwater  sound  signals  in  fleet  use  at  the  present 
time. 


b.  All  novel  and  experiniental  sound  sources  so  far  devel¬ 
oped  are  useless  for  EER  in  that  they  do  not  generate  sufficient 
energy  at  useful  frequencies  (e.g.  2kc).  While  these  sources 
may  have  naval  interest  for  fathemetry,  mine  sweeping,  or  under¬ 
water  communication,  they  will  net  produce  detectable  EER  echoes 
at  ranges  beyond  aboji  a  mile. 


♦E©  is  the  proper  basis  for  rangf?  prediction,  rather  than  peak 
pressure. 
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c.  The  analytlt  ha*  b**<>  tacitly  r*«trlct*d  to  »ourcet  pro¬ 
ducing  •xplo*iv*-lik*  acouttic  tMavtforw*.  Sourcts  «^ich  generate 
a  qua*i-tinuioidal  puls*  through  explosive  resonant  excitation 
(of,  say.  a  cavity)  edll  not  be  appreciably  better  in  EER  per- 
forsMnea  to  the  initial  explosive  source  alone,  since  basically 
the  cosiparlson  of  performance  rests  on  the  energy  content  of  the 
echo  regardless  of  uaveforsi.  The  broad  subject  of  obtaining  a 
generalized  fioure-of -merit  that  will  permit  comparison  of 
sources  of  radically  different  types  (e.g.  sonar  pings  vs  explo¬ 
sions),  for  reverberation  as  well  a*  noise  background,  is  being 
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TABLE  V 


CHARGE  WEIGHTS  FOR  VARIOUS  UNDERWATER  SOUND  SIGNALS 


Mk  15  Mod  1  (Practlco)  2.0  ox  Tttryl 

1.8  lb«  TNT* 

2.9  ox  Tttryl 

1.1  ox  Tttryl 


Mk  50  Mod  0 
Mk  50  Mod  1 
Mk  50  Mod  2 
Mk  54  Mod  0 
Mk  63  Mod  0 
Mk  57  Mod  0 
Mk  61  Mod  0 
Mk  64  0 


1.8  Ibt  TNT* 

1.1  ox  Tttryl 

1.8  Ibt  TNT* 

1.8  Ibt  TNT* 

1.1  ox  Tttryl 


*SlMtlt  with  1.8  Ibt  TNT  conttln.  In 
addition,  t  1.1  ox  tttryl  bootttr. 


Rtftrtnct:  "Si^ntlt,  UNdtniottf  Sound, 
for  EER“  NAVWEPS  2982, 

15  Stp  1961 
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APPENDIX  A 


Th«  g«n«r«l  transfer*  function  is 

For  s  strlss  of  n  pulsts,  each  of  the  for*  f(t)  «  c  ,  we  have 


.  % _ 


where  T  is  the  interval  between  pulses. 
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l«tH)  FOB  neu«  12 


At 


UhdtrMttr  Spark 


A*  s 
A"  t 
A"*t 


1/2" 

1/2" 


9«P* 

W* 


7S0  Ilf,  20  kv. 
30  Ilf ,  15  kv. 
60  Ilf,  15  kv. 


Rvferar.ee  (q) 
Rvfvrvncv  (gl 
Rvf trance  (k) 


Bt  Machanical  Impact  Source,  WOl  Nod  1.  Rafaranca  (g) 


Cl  Exploding  Bridge  Bira  (EB«).  Rafaranca  (g) 

C*  :  6"  length.  25  |if.  10  «v 

C”  t  1/4"  length.  12  iif .  2.8  kv 

Ot  PnauBitic  Sound  Source.  Rafarancaa  (h)  and  (k) 


E: 


Hydrogen  -  Oxygen  Exploder 


E*  :  VoIum:  2  litara.  Rafaranca  (D 
E*»  ;  Voluawi  3.6  lltart.  Rafarancaa  11) 
C"*j  Voluaw:  0.1  liter.  Ref*renr#  (»> 


and  (j) 


Pi  Propax  Exploalva  Hoiaeawkar  (Propane  end  oxygen  alxtura) 
Rafarancaa  (n)  and  (o). 
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